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Description 

Field of the Invention : 

This invention relates generally to ther- 
motherapy, and in particular to a non-invasive tech- 
nique for relieving pain and obtaining other salutary 
effects in which the skin surface of a patient over- 
lying a problem region is subjected to a corona 
discharge beam derived by periodic bursts of radio 
frequency energy whose repetition rate is at a 
sonic frequency. 

Status of Prior Art : 

The term "problem region" as used herein 
refers to a set of muscles, an arthritic joint or any 
other site underlying the skin of a patient which is 
causing difficulty and which lends itself to treat- 
ment by thermotherapy. 

The interior of the human body has a normal 
temperature level which is usually said to be 
98.6 # F. But actually, in the course of each 24-hour 
period, the body temperature rises above or falls 
somewhat below this nominal value. Body tempera- 
ture is determined by the relationship existing be- 
tween the amount of heat internally generated, 
which depends on basal metabolism and the 
amount of heat escaping from the body. Additional 
heat is produced as a result of muscular activity, 
this being dissipated by an increase in radiation, 
conduction or evaporation from the skin surface 
and by more rapid and deep breathing. If the heat 
produced by the body surpasses heat losses there- 
from, this gives rise to fever. 

Medical practitioners since ancient times have 
known that the application of heat to the body is 
useful in the relief of muscle soreness and various 
aches and pains, as well as in the treatment of 
certain pathological conditions. Thus the use of 
heat for the treatment of arthritis and other abnor- 
malities is now commonplace. Hot water bottles 
and electrical heating pads are in widespread use, 
not merely to provide warmth, but also to afford a 
degree of relief or therapy for various conditions. In 
applying heat to the surface of the body, one may 
do so by convection, by direct contact with a 
warmed substance; that is, by conduction, or by 
radiating energy into the body. 

As pointed out in chapter 10, "Therapeutic 
Heat" in the text Therapeutic Heat and Cold , edited 
by Justus F. Lehmann and published in 1982 by 
Williams and Wilkins, it is generally accepted that 
heat produces desirable therapeutic effects, for it 
increases the extensibility of collagen tissues, it 
decreases joint stiffness, and it affords pain relief. 
Moreover, heat relieves muscular spasms, it aids in 
the resolution of inflammatory infiltrates, edema 



and exudates, and it enhances blood flow. 

The exact physiological mechanisms by which 
applied heat creates soothing and analgesic effects 
are not known. However, regardless of how heat is 

5 generated, the result within the heated tissue is 
essentially the same, for heat produces a rise in 
the temperature of the tissue with a concomitant 
increase in metabolism. As a consequence, there is 
a relative increase in the accumulation of metabolic 

io wastes such as carbon dioxide and acid 
metabolites. And because heat acts as a vasodila- 
tor, this dilation results in increased local circulation 
and leads to improved cellular nutrition and to an 
enhanced exchange of wastes. Further benefits are 

75 obtained because a greater number of phagocytes 
and antibodies are carried by the blood into the 
region being heated. 

A technique in accordance with the invention 
makes use of conversive heating which involves 

20 the transformation of some other form of energy 
into heat The most commonly used sources of 
such energy are radio waves in the short wave and 
microwave bands of the electromagnetic wave 
spectrum, and ultrasonic energy. Shortwave dia- 

25 thermy uses radio waves in the 10 to 100 MHz 
frequency range, the human tissues being treated 
with high-frequency current, either by way of induc- 
tion or conduction. In microwave diathermy, the 
frequency is usually about 2500 MHz. While shor- 

30 twave diathermy tends to spread widely in the 
body tissues, microwaves are quasi-optical and can 
be focused and directed for the heating of small 
selective areas. 

Ultrasonic therapy employs high-frequency 

35 sound waves, but this energy is selective in its 
heating properties. Because ultrasonic energy is 
reflective at interfaces in the body, in excessive 
dosages it may be destructive. 

The present invention involves a therapeutic 

40 technique in which a corona discharge beam is 
created by applying to a discharge electrode bursts 
of radio-frequency energy whose repetition rate is 
at a sonic frequency. Hence, of background inter- 
est are the Di Mino patents US-A-3,676,633 and 

45 US- A-3,61 7,684, in which a corona discharge beam 
is applied to a resistor in a printed circuit so as to 
change the ohmic value thereof. These patents, 
however, have nothing to do with thermotherapy. 
Also of background interest is the Hance et al. 

so patent US-A-4,368,410, which discloses an ultra- 
sound therapy technique in which the ultrasound 
energy is pulsed. In the Kuris et al. patent US-A- 
3,980,906, ultrasonic energy modulated at a sonic 
rate is applied to a vibrating toothbrush or razor. 

55 And in Indeck, US-A-4,343,301 , non-invasive 
neurosurgery is performed using two ultrasonic 
beams to create a low frequency beat pattern. 
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Also in the field of ultrasonic therapy, we find 
the patents to Kofsky et al., US-A-4,177,819; 
Nemic, US-A-4,1 53,061; and Griffith, Jr., US-A- 
3,096.768. 

GB-A-2,026,322 describes an apparatus for tis- 
sue treatment by electrotherapy wherein means are 
provided to overmodulate a radio-frequency carrier 
signal using a sonic frequency modulation signal 
whereby to periodically interrupt said carrier signal 
thereby providing bursts of radio-frequency energy 
in discrete periodically spaced relationship, and an 
electrode to which said bursts of radiofrequency 
energy are applied for effecting treatment of a 
tissue treatment area in operative relationship with 
the electrode. This apparatus is for stimulating 
bone growth and healing of soft tissue cells and 
comprises one or more contact electrodes for plac- 
ing on the skin surface to apply an electric poten- 
tial to the underlying tissue. The apparatus of GB- 
A-2,026,322 is not a thermotherapy apparatus. 

US-A-4,572,194 discloses an electrotherapy 
apparatus in which a continuous corona discharge 
is produced by a rectified high voltage. 

In accordance with the invention there is pro- 
vided apparatus for tissue treatment by elec- 
trotherapy wherein means are provided to over- 
modulate a radio-frequency carrier signal using a 
sonic frequency modulation signal whereby to pe- 
riodically interrupt said carrier signal thereby, pro- 
viding bursts of radiorfrequehcy energy in discrete 
periodically spaced relationship, and an electrode 
to which said bursts of radiofrequency energy are 
applied for effecting treatment of a tissue treatment 
area in operative relationship with the electrode, as 
known from GB-A-2,026,322 abovementioned, the 
apparatus of the invention being characterised in 
that said electrode is a non-contact corona dis- 
charge electrode adapted to create a corona dis- 
charge beam impinging on said tissue treatment 
area when the electrode is supplied with said 
bursts of radio-frequency energy and is spaced 
from said tissue treatment area. 

Described hereinafter is an embodiment of the 
present invention comprising a thermotherapy ap- 
paratus for relieving pain and obtaining other bene- 
ficial effects by subjecting the skin of a patient in 
an area overlying a problem region to a corona 
discharge beam derived from a low radio-frequen- 
cy power source, the corona discharge beam hav- 
ing no adverse effects on the patient. The term 
"low radio-frequency" as used herein refers to that 
band in the radio frequency spectrum which lies in 
the 100,000 to 1,000,000 Hz frequency range nor- 
mally used for long distance communication. 

This low radio-frequency band is largely re- 
served for radio telegraphy but has not heretofore 
been used in diathermy. The radio-frequency pow- 
er for producing the corona discharge beam is 



generated in periodic bursts whose repetition rate 
is at a sonic frequency. Use is made of a discharge 
electrode probe which can be manipulated to scan 
any skin area of a patient overlying a problem 

5 region. A corona discharge beam is projected from 
the tip of the electrode and impinges on the skin to 
be absorbed by the underlying tissue of the patient 
and converted into therapeutic heat. The corona 
discharge beam is derived from an energy generat- 

io ing unit in which a low radio-frequency carrier of 
relatively low power is overmodulated by a sonic 
frequency signal to create discrete spaced periodic 
bursts of radio-frequency energy whose repetition 
rate is at the sonic frequency and whose peak 

75 amplitude is such as to cause a corona discharge. 

The above and further features of the invention 
are set forth with particularity in the appended 
claims and will be explained in the following de- 
tailed description of an embodiment of the inven- 

20 tion which is to be read in conjunction with the 
accompanying drawings. 

DESCRIPTION OF DRAWINGS 

25 Rg. 1 illustrates the basic components of the 
system used in practising a thermotherapy tech- 
nique in accordance with the invention; 
Fig. 2 is a block diagram showing the various 
stages of the energy-generating units included 

30 in the system; 

Rg. 3 illustrates the waveform of the power 
applied to the discharge electrode included in 
the system; and 

Fig. 4 shows an alternative form of probe having 
35 multiple electrodes. 

DESCRIPTION OF INVENTION 

The Basic Technique: 

40 

Referring now to Rg. 1, a technique in accor- 
dance with the invention makes use of an energy- 
generating unit 10 which yields periodic bursts of 
radio-frequency energy whose repetition rate is at a 

45 sonic frequency. This energy is applied via a flexi- 
ble wire 11 to a hand-held probe 12 having a 
pointed discharge electrode 12A from which is 
projected a corona discharge beam B. Beam B is 
directed toward and impinges on the skin surface 

50 13 of a patient that overlies a problem region 14. 

The tip of electrode 12A is placed within a few 
centimeters of the skin, the distance between the 
tip and the skin being such that the corona dis- 
charge beam impinges on the skin to be absorbed 

55 by the underlying tissue of the patient and con- 
verted into therapeutic heat. The zone of impinge- 
ment, because of the corona discharge beam, is 
small, and in order to irradiate a relatively large 
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skin area, the beam is scanned over this area so 
that the entire problem region therebelow is sub- 
jected to treatment. 

A corona discharge is a highly active glow 
region surrounding a discharge electrode. When 
the electrode is a pointed wire as in the present 
case, this glow region extends a short distance 
beyond this point. Assuming the wire is negatively 
chargedi the free electrons in the air in the region 
of the intense electric field surrounding the wire 
gains energy in this field to produce positive ions 
and other electrons by collision. In turn, these new 
electrons are accelerated and produce further ion- 
ization. This cumulative process results in an elec- 
tronic avalanche in which the positive ions are 
accelerated toward and bombard the charged wire. 
As a consequence of such ionic bombardment, 
secondary electrons are ejected from the wire sur- 
face which act to sustain the corona discharge. 

When the voltage applied to the discharge 
electrode is elevated to a level exceeding the point 
at which a stable corona discharge is maintained, 
the air dielectric then completely breaks down to 
cause a spark discharge. In order to produce a 
corona discharge, the peak voltage on the dis- 
charge electrode must be relatively high but below 
the level resulting in a spark discharge. 

The continuous application of a low radio-fre- 
quency energy of relatively low power will not 
result in a corona discharge. But because in the 
energy-generating unit 10, the continuous radio- 
frequency carrier is produced in bursts which 
shock excite a tank coil included in the system, the 
resultant energy surges have a peak amplitude 
sufficient to produce a sustained corona discharge 
beam. 

The Energy Generating Unit : 

Referring now to Fig. 2, the energy generating 
unit 10 includes a low radio-frequency generator 15 
producing a carrier lying in the frequency range of 
200,000 to 300,000 Hz. In practice, this generator 
is frequency controlled by a piezoelectric crystal 
oscillator operating at, say, 200 KHz, the carrier 
generator also being stabilized as to amplitude. A 
conventional low radio-frequency generator may be 
used for this purpose. 

Also included in the unit is an audio-frequency 
generator 16 operating in the frequency range of 
3000 to 5000 Hz to produce a sonic signal. This is 
amplified in amplifier 17 and applied to a coupler 
18 which is so connected to radio-frequency gener- 
ator 15 to effect amplitude modulation of the R-F 
carrier. Audio oscillator 16 is preferably a shielded, 
solid-state, transistorized generator which yields a 
steady monovalent signal with tolerances as mini- 
mal as present standards will allow. Amplifier 17 is 



also transistorized. 

In amplitude-modulation, the amplitude of the 
radio-frequency carrier is varied in accordance with 
the signal, the resultant modulated, wave containing 

5 side bands that are the sum and difference of the 
carrier and signal frequencies. If the modulation 
index "M" is zero, no signal information is con- 
veyed to the carrier. Where, however, M = 1 
(100% modulation), then in the case of a sinusoidal 

70 carrier wave, the envelope of the carrier varies from 
zero to twice the value of its unmodulated am- 
plitude. But if "M" exceeds unity, the carrier is then 
oyermodulated, as a consequence of which the 
carrier is periodically interrupted at a repetition rate 

75 in accordance with the audio-frequency signal. 

In the present invention, as shown in Fig. 3, the 
radio-frequency carrier C is overmodulated by the 
sonic frequency signal, this resulting in periodic 
bursts Pi, P2, Pa, etc. of radio-frequency energy 

20 whose repetition rate is at the sonic frequency. 
These bursts of energy from R-F generator 15 are 
applied through an output amplifier 19 to a tank coil 
20. Coil 20 is inductively coupled to an output coil 
connected by flexible lead 11 to probe 12. 

25 Because tank coil 20 is shock excited by the 
bursts Pi , P2 etc. of the radio-frequency energy, 
the resultant damped wave surges in coil 20 have a 
high peak amplitude, and this causes the desired 
corona discharge to produce a pencil beam which 

30 is both visible and audible. The reason it is visible 
is that the corona beam produces a blue glow, and 
the reason it is audible is that the bursts of energy 
are at a sonic rate and can therefore be heard. In 
practice, the power output of the system may be in 

35 the order of 5 to 15 watts. This level is far below 
any level that would result in burning or injury to a 
patient. 

We have found that the resultant heat energy 
induced in a painful region of the human body is 

40 capable in a matter of 20 seconds of relieving this 
pain. We have also found that continued exposure 
of the problem region for a period of 30 to 
40/seconds to the corona charge beam, in the case 
of inflammation due to a rheumatoid arthritis con- 

45 dition, will minimize the swelling, and that a marked 
reduction in swelling will be experienced about 24 
hours after such exposure. 

Claims 

50 

1. Apparatus (10,11,12) for tissue treatment by 
electrotherapy wherein means are provided to 
overmodulate a radio-frequency carrier signal 
using a sonic frequency modulation signal 
55 whereby to periodically interrupt said carrier 

signal thereby providing bursts (Pi , P2. etc.) of 
radio-frequency energy in discrete periodically 
spaced relationship, and an electrode (12A) to 
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sehen sind, an die die SignalbOndel mit 
Radiofrequenz-En8rgie zur Behandlung eines 
zu behandetnden Gewebebereichs durch Ein- 
satz der Elektrode angelegt werden, dadurch 
5 gekennzeichnet, daB die Elektrode eine Nicht- 

Kontakt-Glimmentladungselektrode ist, die ei- 
nen auf dem zu behandelnden Gewebebereich 
auftreffenden Glimmentladungsstrahl (B) er- 
zeugt, wenn die Elektrode mit. SignalbOndel 
70 (Pi, P2, etc.) mit Radiofrequenz-Energie ver- 

sorgt wird und gegenOber dem zu behandeln- 
den Gewebegebiet beabstandet ist. 

2. Vorrichtung gemSB Anspruch 1, worin weiter 
75 ein Radiofrequenz-TrSgersignalgenerator (15) 

ein Schallfrequenz-Oszillator (16) und eine 
Speicherschaltung (20) zum Speichern der Si- 
gnalbOndel mit Radiofrequenz-Energie vorge- 
sehen sind, wobei die Glimmentladungselektro- 
20 de (12A) mit der Speicherschaltung (20) ver- 



which said bursts of radiofrequency energy are 
applied for effecting treatment of a tissue treat- 
ment area in operative relationship with the 
electrode, characterised in that said electrode 
is a non-contact corona discharge electrode 
adapted to create a corona discharge beam (B) 
impinging on said tissue treatment area when 
the electrode is supplied with said bursts (Pi , 
P2, etc.) of radio-frequency energy and is 
spaced from said tissue treatment area. 

2. Apparatus as claimed in claim 1 further pro- 
vided with a radio-frequency carrier signal gen- 
erator (15), a sonic-frequency oscillator (16) 
arid a tank circuit (20) for storing said bursts of 
radio-frequency energy, wherein said dis- 
charge electrode (12A) is coupled to said tank 
circuit (20) and is movable by a user to a 
position adjacent said tissue treatment area 
(13,14) to direct the corona discharge beam 
(B) theretowards. 

3. Apparatus as claimed in claim 1 or 2, wherein 
said radio-frequency carrier has a frequency in 
the low-frequency radio range. 25 

4. Apparatus as claimed in claim 3, wherein said 
radio-frequency carrier signal has a frequency 
of about 200,000 Hz. 

5. Apparatus as claimed in any of claims 1 to 4, 
wherein said sonic frequency lies in a range of 
about 3000 to 5000 Hz. 

6. Apparatus as claimed in any of claims 1 to 5, 35 
wherein said radio-frequency signal has a pow- 
er output of about 10 watts. 

7. Apparatus as claimed in any of claims 1 to 6, 
wherein said electrode is constituted by a sin- 40 
gle pointed wire. 

& Apparatus as claimed in any of claims 1 to 6, 
wherein said electrode is constituted by a clus- 
ter of pointed wires to create multiple corona 45 
discharge beams. 

PatentansprUche 

1. Vorrichtung (10, 11, 12) zur Gewebebehand- 50 
lung mittels Elektrotherapie, worin Einrichtun- 
gen zur Obermodulation eines Radiofrequenz- 
Tragersignals mittels eines Schallfrequenz-Mo- 
dulationssignals, urn das TrSgersignal perio- 
disch zu unterbrechen, wodurch diskrete, pe- 55 
riodisch von einander getrennte SignalbOndel 
(Pi, P2, etc.) mit Radiofrequenz-Energie er- 
zeugt werden, und eine Elektrode (12A) vorge- 



bunden und vom Anwender in eine zum zu 
behandelnden Gewebeabschnitt (13, 14) be- 
nachbarte Stellung bewegbar ist, urn den Glim- 
mentladungsstrahl (B) darauf zu lenken. 

3. Vorrichtung gemSB Anspruch 1 oder 2, worin 
das Radiofrequenz-TrSgersignal eine Frequenz 
im Niederfrequenz-Radiobereich besitzt. 



5. Vorrichtung gemSfi einem der AnsprOche 1 bis 

4, worin die Schaltf requenz im Bereich von ca. 
3000-5000 Hz liegt 

6. Vorrichtung gemSB einem der AnsprOche 1 bis 

5, worin das Radiofrequenz-Signal eine Aus- 
gangsleistung von ca. 10 Watt besitzt. 

7. Vorrichtung nach einem der AnsprOche 1 bis 

6, worin die Elektrode aus einem einzeinen 
spitzzulaufenden Draht besteht. 

8. Vorrichtung gemaB einem der AnsprOche 1 bis 
6, worin die Elektrode aus einer Gruppe von 
spitzzulaufenden Drahten zur Erzeugung von 
Multi-Glimmentladungsstrahlen besteht. 

Revehdicatlons 

1. . Appareil (10, 11, 12) de traitement d'un tissu 
par £lectroth6rapie dans lequel sont prSvus un 
moyen apte & surmoduler un signal porteur de 
radiofrgquence en utilisant un signal de modu- 
lation de frequence sonique, afin d'interrompre 
ainsi p£riodiquement ledit signal porteur en 



30 4. Vorrichtung gemSB Anspruch 3, worin das 
Radiofrequenz-Tr&gersignal eine Frequenz von 
ca. 200,000 Hz besitzt. 
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formant ainsi des paquets (Pi, P2, etc.) d'tner- 
gie de radiofrtquence dans une relation discre- 
te espacte ptriodiquement, et une Electrode 
(12A) & laquelle sont appliques lesdits paquets 
d'6nergie en radiofrtquence afin d'effectuer un 5 
traitement d'une zone de traitement de tissu 
en relation fonctionnelle avec rtlectrode, ca- 
ract£ris£ en ce que ladite Electrode est une 
Electrode de BScharge corona sans contact 
apte & crter un faisceau de dtcharge corona to 
(B) frappant ladite zone de traitement du tissu 
lorsque Electrode est alimentte par lesdits 
paquets (Pi, P2, etc.) d'tnergie de radiofrt- 
quence et est espacte de ladite zone de traite- 
ment du tissu. 75 

2. Appareil selon la revendication 1 comprenant 
en outre un g£n£rateur (15) de signaux por- 
teurs de radiofrtquence, un oscillateur & fre- 
quence sonique (16) et un circuit d'accumula- 20 
tion (20) pour accumuler lesdits paquets 
d'tnergie de radiofrtquence, dans lequel ladite 
Electrode de dtcharge (12A) est couple audit 
circuit d'accumulation (20) et peut §tre dtpla- 

c6e par un utilisateur vers une position adja- 25 
cente h ladite zone de traitement du tissu (13, 
14) afin d'orienter vers celle-ci le faisceau de 
dtcharge corona (B). 

3. Appareil selon la revendication 1 oil 2, dans 30 
lequel la frequence dudit porteur de radiofrt- 
quence est dans la plage de radio de basse 
frequence. 

4. Appareil selon la revendication 3, dans lequel 35 
la frequence dudit signal porteur de radiofrt- 
quence est d'environ 200.000 Hz. 

5. . Appareil selon Tune quelconque des revendi- 

cations 1 & 4, dans lequel ladite frequence 40 
sonique est situ6e dans une plage d'environ 
3000 & 5000 Hz. 

6. Appareil selon Tune quelconque des revendi- 
cations 1 & 5, dans lequel la sortie de puissan- 45 
ce dudit signal radiofrtquence est d'environ 10 
watts. 

7. Appareil selon Tune quelconque des revendi- 
cations 1 & 6, dans lequel ladite Electrode est so 
constitute par un fil pointu unique. 

8. Appareil selon Tune quelconque des revendi- 
cations 1 h 6, dans lequel ladite Electrode est 
constitute par un ensemble de tils pointus afin 55 
de crter de multiples faisceaux de dtcharge 
corona. 
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